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1. [bookmark: _GoBack]Introduction
At the RAN1 #98 meeting, wide-band operation for NR-U was discussed and following agreement/conclusion were made [1]. 
	Conclusion:
The following are unchanged from Rel-15 for PDCCH.
· The maximum number of monitored PDCCH candidates per slot and per serving cell.
· The maximum number of non-overlapped CCEs per slot and per serving cell.
· CCE-to-REG mapping rule and hashing function.

Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “Wideband operations for NR-U” agenda was endorsed [2].
	7.2.2.2.5 Wideband operations
Essential
· Coreset for wideband (multiple coresets with one or more per LBT subband or multi-cluster coreset with one cluster per subband)
Optimizations
· If PUSCH Alt 2 is also supported



In this contribution, we discuss further on the wideband operation for NR-U. 
2. UL wide-band operation in NR-U
At the RAN1#96bis meeting, RAN1 made an agreement which has following alternatives related to UL wide-band operation and at least support Alt. 1.
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4

If partial interlace allocation within a wide UL active BWP is supported, UL traffic i.e., multiple UL transmissions from different UEs can be distributed across LBT sub-bands within the wide BWP. Assuming such operation, the necessity of wideband operation with Alt. 2 for UL would be smaller than that for DL. Therefore, we propose to deprioritize support of Alt. 2 for UL wideband operation in Rel-16 regardless of RAN 4 reactions regarding Alt. 2 operation. Additionally, Alt. 2 operation isn’t applied for configured grant PUSCH and PUCCH in Rel-16 NR-U.
Proposal 1: For UL wideband operation in NR-U, the operation in which UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE is deprioritized in Rel-16.


1. 
2. 
3. Mechanism to identify gNB transmission sub-band(s) for UE
In the previous RAN1 meeting, RAN1 made agreements regarding explicit indication of available (or unavailable) carriers/LBT bandwidths by using GC-PDCCH. Details on signaling are discussed and proposed in our companion contribution [3]. Here we discuss on how to identify gNB’s transmission LBT bandwidths at UE for the beginning of DL transmission burst.
First, there are two types of wideband operations as below. In case 1 operation, it is not necessary for UE to identify gNB’s transmission LBT bandwidths. Therefore, following discussion is for case 2 operation. 
· Case 1 (Option 2 in previous agreement): Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on whole of single active BWP when CCA is successful for all LBT bandwidths within the active BWP at gNB
· Case 2 (Option 3 in previous agreement): Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful at gNB
For the explicit indication mechanism, gNB needs to send appropriate contents via GC-PDCCH according to LBT results. So, at the beginning of DL transmission burst, it may not be feasible to send GC-PDCCH with appropriate channel occupancy frequency domain structure indication at least for some gNB. The identification of channel occupancy frequency domain structure at the beginning of DL transmission burst should be based on the detection of DL signal and/or channel at the UE. For PDCCH/GC-PDCCH detection, UE should anyway perform PDCCH blind detection on every LBT bandwidth assuming multiple CORESETs confined within each LBT bandwidth are configured and associated with search space configuration for mini-slot based monitoring. For PDSCH/PUSCH resource allocation, UE can just follow resource allocation indication in DCI. gNB capable of changing DCI contents dynamically according to LBT outcome can allocate PDSCH/PUSCH resource from PDCCH in one LBT bandwidth to multiple available LBT bandwidths. gNB not capable of changing DCI contents dynamically according to LBT outcome can allocate PDSCH/PUSCH resource from PDCCH in one LBT bandwidth to the same LBT bandwidth. Therefore, no special handling would be necessary to identify gNB’s transmission LBT bandwidths at UE for the beginning of DL transmission burst.
Proposal 2: In case of wideband operation case 2 where gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful, UE performs blind detection of PDCCH and/or DMRS on every LBT bandwidth according to CORESET/search space configurations.


4. CORESET/PDCCH configuration for wide-band operation
Regarding the association between search space configuration and CORESET configuration, following agreement was made in the last RAN1 meeting as shown in Section 1:
	Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen


However, according to Rel-15 rule, the monitoring location in the frequency domain is indicated by frequencyDomainResources in ControlResourceSet, not by SearchSpace. Thus, one possible way to support the above agreement based on Rel-15 rule would be having a list of frequencyDomainResources in ControlResourceSet associated with SearchSpace. This solution is feasible in terms of avoiding unnecessary additional CORESET configuration since all parameters other than frequencyDomainResources in ControlResourceSet can be shared among multiple monitoring locations in the frequency domain. Thus, the maximum number of CORESETs per BWP can be kept 3, though UE capable of wideband operation Case 2 supports up to 5 monitoring locations in the frequency domain (i.e., size for the list of frequencyDomainResources). The CCE-to-REG mapping is performed per the resource indicated by each of frequencyDomainResources.
Proposal 3: For the association between search space configuration and CORESET configuration, multiple monitoring locations in the frequency domain are indicated by a list of frequencyDomainResources in ControlResourceSet associated with SearchSpace.
· UE capable of wideband operation Case 2 supports up to 5 monitoring locations in the frequency domain
For wideband operation Case 2, multiple CORESETs with one or more per LBT bandwidth need to be configured. On the other hand, for wideband operation Case 1, single CORESET spanning multiple LBT bandwidths can be configured. Therefore, it may be possible for UE to identify gNB’s wideband operation type based on CORESET configurations. Anyway, UE should perform blind detection of PDCCH and/or DMRS on every CORESET.
Proposal 4: Even in case of wideband operation case 1, UE performs blind detection of PDCCH and/or DMRS on CORESET.


5. In-carrier guard-band
As in [4], following aspects related to in-carrier guard band have been discussed in previous RAN1 meetings:
· Point #1: Configuration of in-carrier guard-band
· Configurable by gNB
· Pre-defined in specification
· Point #2: PDSCH scheduling/reception
· Availability of in-carrier guard-band for PDSCH can be varied based on how much time is elapsed after the start of DL burst
· Availability of in-carrier guard-band for PDSCH can be varied based on frequency domain channel occupancy structure
· Availability of in-carrier guard-band for PDSCH is up to scheduler implementation
· Pre-defined in-carrier guard-band is always unavailable for PDSCH.
· Partial DMRS PRB bundles and RBGs for in-carrier guard-band
· Point #3: Impact on CORESET configuration
· Potential enhancements considering inefficiency of 6 RB grid bitmap starting from common PRB index 0
· Point #4: CSI-RS resource
· Frequency domain resource configuration for CSI-RS (e.g., per LBT bandwidth vs. per multiple LBT bandwidths)
· Availability of in-carrier guard band in configured CSI-RS resource can be varied based on how much time is elapsed after the start of DL burst

In RAN4#92, an WF on guardbands for NR-U [5] was agreed:
· Guard bands are integer multiples of PRB on a common RB grid
· RAN4 is still to determine the necessary size of inter-carrier and intra-carrier guardbands
· Intra-carrier guard band could be scheduled if located between contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed CCA.

Based on the agreement, in-carrier guard-band should be pre-defined in the unit of PRBs according to the RAN4 decision which will be made for the necessity size of intra-carrier guardbands.
For the beginning of DL burst, since LBT result (i.e., the availability of in-carrier guard-band resources for PDSCH) may not be able to apply to the PDSCH scheduling, the pre-defined in-carrier guard-band should be fixed to be unavailable for PDSCH. Thus, UE is not expected to be scheduled with the PRBs included in the in-carrier guard-band. On the other hand, for the rest of DL burst, since there is enough time to apply the LBT result to the PDSCH scheduling, the pre-defined in-carrier guard-band is available for PDSCH if CCA is successful in the corresponding contiguous LBT bandwidths. The boundary of the in-carrier guard-band availability could be identified by the indication of available LBT bandwidths in GC-PDCCH.
Proposal 5: Pre-defined in-carrier guard-band between adjacent LBT bandwidths in the unit of PRBs is supported:
· Before the indication of available LBT bandwidths in GC-PDCCH: Pre-defined in-carrier guard-band is fixed to be unavailable for PDSCH and UE is not expected to be scheduled with the PRBs included in the in-carrier guard-band.
· After the indication of available LBT bandwidths in GC-PDCCH: Pre-defined in-carrier guard-band is available for PDSCH if CCA is successful in the corresponding contiguous LBT bandwidths.


6. Conclusion
In this contribution, we discussed on the wideband operation for NR-U. Based on the discussion, we made following proposals.
Proposal 1: For UL wideband operation in NR-U, the operation in which UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE is deprioritized in Rel-16.
Proposal 2: In case of wideband operation case 2 where gNB may transmit PDSCH on part or whole of single active BWP where CCA is successful, UE performs blind detection of PDCCH and/or DMRS on every LBT bandwidth according to CORESET/search space configurations.
Proposal 3: For the association between search space configuration and CORESET configuration, multiple monitoring locations in the frequency domain are indicated by a list of frequencyDomainResources in ControlResourceSet associated with SearchSpace.
Proposal 4: Even in case of wideband operation case 1, UE performs blind detection of PDCCH and/or DMRS on CORESET.
Proposal 5: Pre-defined in-carrier guard-band between adjacent LBT bandwidths in the unit of PRBs is supported:
· Before the indication of available LBT bandwidths in GC-PDCCH: Pre-defined in-carrier guard-band is fixed to be unavailable for PDSCH and UE is not expected to be scheduled with the PRBs included in the in-carrier guard-band.
· After the indication of available LBT bandwidths in GC-PDCCH: Pre-defined in-carrier guard-band is available for PDSCH if CCA is successful in the corresponding contiguous LBT bandwidths.
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Appendix: RRC parameters
RRC parameters necessary for supporting the proposals in this contribution are summarized as follows. The added/modified parts from [6] are colored by red.

	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	frequencyDomainResourcesList-r16
	
	new
	Per UE
	Dedicated 
	Added in ControlResourceSet
List of frequencyDomainResources to indicate multiple monitoring locations in the frequency domain. UE capable of wideband operation Case 2 can be configured up to 5 frequencyDomainResources.
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